The International Year of Crystallography (2014): A Philatelic Celebration
by Daniel Rabinovich T he International Year of Crystallography (IYCr) is a year-round celebration of the science of crystallography, its enthralling history, and its multifarious contributions to society. Sponsored by UNESCO and the International Union of Crystallography (IUCr), a sister organization of IUPAC, the year 2014 marks, among other milestones, the centennial of the Nobel Prize in Physics awarded to the German physicist Max von Laue (1879 Laue ( -1960 for his seminal discovery of the diffraction of X-rays by crystals. According to the IUCr, close to 50 scientists have now been awarded Nobel Prizes for scientific achievements directly related to, or relying heavily on the use of, crystallographic methods! Hence, it is not surprising that X-ray crystallography has experienced an explosive growth since its inception and is now considered to be the most powerful technique for the determination of the structure of matter. As such, it is a key driving force in the development of modern chemistry, physics, molecular biology, nanotechnology, medicine, materials science, and many other fields of science and technology.
A number of activities are taking place during the year to promote education and research in crystallography and to foster international collaboration between scientists worldwide, including conferences, workshops, and exhibitions. Multiple journal articles and reviews dealing with the early history, current applications, and future prospects of crystallography are being published. A crystal-growing competition for schoolchildren, akin to the set of four global water experiments that took place during the International Year of Chemistry (2011) On 30 January 2014, India released an interesting stamp [2] that features a multifaceted diamond and the molecular structure of curcumin, the active ingredient in turmeric, the bright orange-yellow spice often found in curry dishes and many other foods and beverages. Not surprisingly, the world's largest producer, consumer, and exporter of turmeric is India, where the "golden spice" is also used in a variety of herbal remedies and as a natural pigment in the cosmetic, textile, and food industries. The potential therapeutic applications of curcumin, including the treatment of Alzheimer's disease, stomach ulcers, and breast, colon, and prostate cancers, are the subject of intense biomedical research in recent years, particularly due to its demonstrated anti-inflammatory and antioxidant properties.
A stamp with a more esoteric (if not particularly romantic) theme was issued by Slovakia on 14 February, Valentine's Day [3] . Information available from the Slovakian Philatelic Service indicates that the 1-euro stamp (and its attached label) depict a series of electron density isolines in a crystalline sample of a ternary tantalum-germanium-tellurium alloy. Instead of the expected placement on a straight line, atom positions are phase-modulated and generate a structural array reminiscent of a castle or city wall's defensive battlement, with alternating high and low regions of electron density. Incidentally, the stamp's date of issue is also the birthday of Herbert Hauptman , the American mathematician who shared with Switzerland opted to philatelically honor the IYCr on 6 March 2014 by issuing a pair of stamps [4, 5] showing eye-catching mineral samples. Modern crystallography may have started with von Laue and the Braggs, but the shape and color of crystals found in nature, from snowflakes to gemstones, have captivated people from all walks of life for centuries. More specifically, the Swiss stamps display specimens of epidote and amethyst, with the former being a complex calcium aluminum iron silicate and the latter a much more simple variety of quartz that owes its violet color to the presence of trace amounts of Fe(III) ions.
Slovenia and Belgium worked in tandem to prepare philatelic items with a very similar design, which stamp enthusiasts usually refer to as joint issues, even though the corresponding postal authorities departed from the norm by releasing them on different dates (30 May and 10 June, respectively). The souvenir sheets [6, 7] feature a symbolic representation of a diffraction experiment and a pair of snowflakes. In addition, the two stamps in each sheet present the well-known crystal and molecular structure of ice wherein a threedimensional array of water molecules is held together by a network of hydrogen bonding interactions.
Portugal released on 21 July 2014 an attractive set of five stamps and a souvenir sheet to pay tribute to the IYCr and to recognize the many fields that have contributed to and benefitted from the development of X-ray crystallography. Thus, the 42-eurocent stamp [8] displays crystals of chalcopyrite, a copper iron sulfide of composition CuFeS 2 that is the most important copper ore, to illustrate the contributions of crystallography to geology. Similarly, the crystal lattice of sodium chloride (table salt, NaCl) is shown on the 50-eurocent stamp [9] to expound the role of crystallography in physics (and vice versa!). In fact, the crystal structures of sodium chloride and potassium chloride, bromide, and iodide were the first to be solved, as reported by William Lawrence Bragg in a seminal paper published in September 1913, and which effectively marked the birth of X-ray crystallography. The 72-eurocent stamp [10] deals with the Patterson function, often used to solve the phase problem in the crystal structure analyses of molecules containing heavy atoms, an evident contribution from the realm of mathematics. The molecular structure of caffeine is used in the 80-eurocent stamp [11] to symbolize the contributions of crystallography to chemistry. Remarkably, the number of entries in the Cambridge Structural Database, the main repository of crystallographic data for organic and organometallic compounds, reached a whopping 700,000 earlier this year! The fifth and last stamp [12] features the crystal structure of hemoglobin and alludes to the crucial role that crystallography has played in the development of structural biology. Parenthetically, 2014 is also the 100th anniversary of the birth of Max Perutz, the Austrian-born British biochemist who shared the 1962 Nobel Prize in Chemistry with John Kendrew for their studies of the structures of hemoglobin and other globular proteins. In turn, the Portuguese souvenir sheet [13] clearly resembles those of Slovenia and Belgium described above, including the presence of three small images of water molecules and a microphotograph of a snowflake showing its prototypical sixfold symmetry (which, curiously, was first noticed in 1611 by the German mathematician and astronomer Johannes Kepler).
Last but not least, a pair of stamps [14, 15] showing the "metamorphosis" of a crystal was issued in the Principality of Liechtenstein on 1 September 2014. They sequentially illustrate the growth of a crystal over a period of several thousands of years. Most interestingly, the postage stamps can be scanned with a smartphone or other mobile device using a free app called SEPAC Stamps and the evolution of the crystal can be witnessed by means of a short video animation.
In conclusion, the IYCr has been well represented on 15 different postage stamps or souvenir sheets issued (so far) during the year, and perhaps a few more will come out in the months ahead. Stamps are clearly an inexpensive yet effective way to increase public awareness of the science of crystallography and its contributions to most technological developments in modern society. Now, if somebody could (please) issue a Rosalind Franklin stamp… Daniel Rabinovich <drabinov@uncc.edu> is a professor of chemistry at The University of North Carolina at Charlotte and his research interests are in synthetic and structural inorganic, bioinorganic, and organometallic chemistry. He is also the Editor of Philatelia Chimica et Physica, a quarterly publication dedicated to the study of postage stamps related to chemistry and physics. 
I U P A C MISSION
IUPAC is a non-governmental organization of member countries that encompasses more than 85% of the world's chemical sciences and industries. IUPAC addresses international issues in the chemical sciences utilizing expert volunteers from its member countries. IUPAC provides leadership, facilitation, and encouragement of chemistry and promotes the norms, values, standards, and ethics of science and the free exchange of scientific information. Scientists have unimpeded access to IUPAC activities and reports. In fulfilling this mission, IUPAC effectively contributes to the worldwide understanding and application of the chemical sciences, to the betterment of the human condition.
